Background: The platelet function analyzer (PFA-100) is a system analyzing platelet function determined for detection of the functional inherited and acquired platelet disorders, screening of von Willebrand disease (vWD) and recently also considered as useful for monitoring of antiplatelet treatment. The PFA-100 test uses a high shear flow system to simulate in vitro the conditions to which platelets are subjected at the site of a damaged blood vessel wall.
INTRODUCTION
Platelets play a pivotal role in both hemostasis and thrombosis. Primary hemostasis involves platelet adhesion to subendothelial tissue of the injured vessel wall. Under high shear stress, von Willebrand factor (vWF) acts as the mediator for both platelet adhesion and aggregation. Adhesion of platelets to collagen-containing lesions in the vessel wall results in activation of the platelets, release of various platelet activating mediators, and ultimately leads to augmented platelet aggregation and formation of a primary hemostatic plug [1, 2] ( Fig.1) .
Accurate measurements of platelet function are important, both for screening platelet dysfunction and for monitoring response to anti-platelet therapy. Since its introduction, platelet aggregometry has become the standard method for testing platelet function. Conventional platelet aggregometry has many limitations including being time and labor-intensive and operator-dependent, and requiring the preparation of platelet-rich plasma. Furthermore, the testing and interpretation require considerable experience [2] .
Recently, a platelet function analyzer (PFA-100, Dade Behring) was introduced that simulates in vivo hemostatic plug formation. This simple, rapid, in vitro method aids in the detection of platelet dysfunction [3] . Briefly, citrated whole blood is aspirated at a high shear rate from a sample reservoir through a 150 µm aperture in a membrane coated with collagen and epinephrine (CEPI), or collagen and adenosine diphosphate (ADP) (CADP). Mediated by vWF, platelets adhere to the collagen on the membrane, which then activates the platelets, causing them to aggregate in and around the aperture, a process that eventually occludes the aperture. Results of PFA-100 testing are reported as closure times (CT), or the time in seconds (sec.) required for the aperture to occlude. CT provides a measure of overall platelet-associated primary hemostasis, with shorter closure time indicative of higher platelet function.
Several pre-analytical variables affect PFA-100 test results [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . CT depend on the plasma vWF level, citrate concentration, ABO blood group, and time of blood collection. In addition a low platelet count, or low hematocrit may lead to prolongation of CT [7] [8] [9] [10] [11] . To determine PFA-100 reference intervals in the Slovak population, we evaluated CEPI and CADP closure times in 50 well-characterized healthy blood donors. We also studied the relationships between PFA-100 CT, gender and ABO blood group in these subjects.
MATERIAL AND METHODS
Fifty apparently healthy Slovak adults (>18 year old) were enrolled in this study. All files were investigated in healthy blood donors of the National Transfusion Service in Martin. In the study group, there were 38 men and 12 women. The average age of the group was 38.8 years, the average age of men 38.2 years and women 39.9 years. In the file there were represented basically all blood groups. The most numerous blood group was 0 (46%). There were 32% of blood donors with blood group A in the file, 20% with blood group B and 2% with blood group AB, respectively (Fig.2) . Estimated data of the percentage of blood groups in Slovakia according to Slovak National Transfusion Service [unpublished results], is as follows: A -48%, 0-39%, B -9%, AB -4% (Fig.3) . Each donation of blood was examined by complete blood counts (WBC, RBC, PLT, HTC) using the blood cell analyzer Sysmex KX-21 (SIEMENS). All subjects were considered as healthy individuals with no previous history or laboratory results indicating platelet dysfunctions. Individuals with history of bleeding disorders, liver disease and renal insufficiency, or if they've been taking aspirin, aspirin-containing compounds, ibuprofen, antibiotics, antihistamines, non-steroidal anti-inflammatory drugs, oral anticoagulants, or any other drugs that affect platelet function were excluded. Other exclusion criteria included platelet count <150.000 /µl, or hematocrit <35%. Study was approved by Ethic Committee of JFM CU and each subject had given written informed consent. Blood was drawn into a tube containing 3.2% (0.109M) buffered sodium citrate solution. The blood sample was analyzed within 20 min in the PFA-100 for CT with both the EPI and ADP cartridges. Statistical analysis: Values are presented either as mean ± standard deviation (SD) or as median, range and interquartile range (IQR). Correlation of CT between both the patients with blood group O and blood group non O as well as correlation of CT between group of men and women were evaluated using paired Student's t-test and Wilcoxon Signed-Rank test.
A C T A M E D I C A M A R T I N I
Specimen collection: Blood samples were taken from each subject's antecubital vein using the BD Vacutainer system (Becton-Dickinson). The initial small amount of whole blood was collected into EDTA collection tubes for complete blood count (CBC) determination. Samples for PFA-100 testing were drawn into 0.109 M (3.2% w/v) sodium citrate collection tubes and stored at room temperature prior to testing. Hemolyzed or clotted samples were not used.
PFA-100: The PFA-100® system (Dade Behring) is a desktop analyzer, which can be used to quickly obtain valuable information about the status of primary hemostasis. The PFA-100® instrument has been recently updated to PFA-200 [14] . It is composed of a microprocessor-controlled device and single-use test cartridges. Three cartridges are currently available; the CADP cartridge contains collagen and ADP, the CEPI cartridge contains collagen and epinephrine, and the INNO-VANCE P2Y cartridge contains ADP and PGE 1 supplemented with calcium [14] . The INNOVANCE P2Y cartridge was developed in view of the relative insensitivity of previous cartridges to P2Y 12 receptor inhibitors, and appears promising in evaluating congenital P2Y12 defects as well as in monitoring P2Y12 receptor inhibitors [15] . The CEPI and CADP test cartridges consist of a sample reservoir, a capillary and a membrane coated with platelet agonists (2 mg equine type I collagen and either 10 mg epinephrine bitartrate -CEPI cartridge or 50 mg ADP -CADP cartridge) [16] .
PFA-100 device comprises a carousel for the positioning of two measuring cartridges, LCD display, keyboard, printer and a box for a starting solution. Cartridges are inserted into the carousel, in which the measuring cartridge is inserted. Once the examined sample is pipetted into the cartridge, press the RUN button on the LCD. The carousel starts rotating clockwise and deliver measuring cartridge into the device. The device leads to the identification of measuring cartridges, addition of starter solution, sample incubation and test completion. (Fig.4) [16] . Citrated whole blood was aspirated from the sample container by means of a capillary opening, the platelets showing condition high shear stress. Membrane is coated with collagen, sub-endothelial protein, which is the starting template for the attachment of platelets (Fig.6 ) [19, 24] . Platelet engraftment to collagen triggers an initial physiological stimulus for plate- The PFA-100 system consists of a device and test cartridges, in which there is undergoing invitro simulation of the process of adhesion and platelet aggregation followed by vascular injury (Fig.7) [23] . The PFA-100 Sys tem simulates in Vivo Con ditions [23] Platelet dysfunctions observed by PFA system are either acquired, congenital or induced by substances inhibiting platelets. The primary test cartridge Col / Epi is used to detect dysfunction induced by inner platelet disorder, vWCH, or by exposure to substances that inhibit platelets. Secondary test cartridge Col / ADP is used to determine whether the abnormal result measured by cartridge Col / Epi could be caused by effect of aspirin or by medicines containing aspirin. let activation. Moreover, the membrane is covered by either epinephrine or ADP, which are other physiological antagonists (together with collagen) generally used for the induction of platelet aggregation. 
RESULTS
To determine PFA-100 reference intervals in the Slovak population, we evaluated CEPI and CADP CT in fifty, well-characterized healthy blood donors. We also studied the relationships between PFA-100 CT, gender and ABO blood group in these subjects. The results of graphic data analysis are depicted in Fig.8. -Fig.16 . The reference intervals for CEPI CT were 86 -199 sec. The reference intervals for CADP CT were 42 -119 sec. The reference intervals of CT in a group of women were as followed -CEPI cartridge: 86 -171 sec., median: 138 , IQR : 55. 25. Reference intervals for CADP cartridge were: 58 -102 sec., median : 90 , IQR : 12.75 ( Tab.1). The reference CT intervals in the group of men were as followed -CEPI cartridge : 88 -199 sec., median: 123. 5 
DISCUSSION
The appropriate approach for platelet function testing includes both the simple tests (e.g., PFA-100) and the detailed aggregation analysis, which are sensitive enough to capture the given defect. However, in platelet testing, the standardization has remained challenged by the relatively large blood volumes of blood (20-50 ml) needed, the sample freshness requirements for completion of the testing (within 3-4 hours), of light transmission aggregometry and whole blood aggregation and PFA-100, and difficulties in obtaining the same donor or donor pool for external quality assurance [7, 20] . For PFA-100, the sensitivity for the correct diagnosis in case of normality ranges around 85%, but the specificity for an abnormality around 55 to 75% with longstanding expertise leading to smaller variations [7, 20] . There are comprehensive data to support the importance of validation and guidelines to be followed to assure the quality of the testing [20] [21] [22] .
In accordance to these data, clinical performance of the PFA-100 device to screen for platelet dysfunction may be influenced by pre-analytical variables. Previous studies have found that age and gender have no effects on PFA-100 CT [9, 23] although men older than 55 year appeared to have shorter CT than younger men [23] . Diurnal variations in CT values have been reported, with samples collected in the morning having shorter CT than those collected the afternoon, particularly with the CEPI cartridge [5, 24] . CT are longer for blood group O samples than for other blood groups [5] [6] [7] [8] [9] , and are longer for blood samples collected in 3.8% vs 3.2% so dium citrate [4, [8] [9] [10] . Although PFA-100 CT are prolonged when platelet count or hematocrit is significantly decreased [7] [8] [9] [10] [11] , the cut-off value for abnormality of either has not been determined. PFA-100 CT are usually prolonged when platelet count is <50.000/µl or hematocrit is <25% [10] . In this context, the manufacturer notes that CT above the laboratory's established cut-off may reflect reduced platelet function caused by reduced hematocrit (<35%) or platelet count (<150.000/µl) influenced by gender and do not correlate with leukocyte count, platelet count, hematocrit, or platelet-associated parameters of routine CBCs [25] . As expected, our individuals with blood group O had longer PFA-100 CT than those with other blood groups, likely because vWF levels are lower in blood group O than in other blood groups [26, 27] . However, for statistical evaluation using the paired Student's t-test and Wilcoxon rank sum test, we found significantly prolonged CT with only CEPI cartridge (p<0.05). Prolongation of CADP CT was not significant. PFA-100 CT is strongly dependent on the plasma vWF level [7] [8] [9] [10] 13] . During primary hemostasis, vWF serves as an adhesive molecule that binds the platelets to exposed collagen at sites of vascular injury. Thus, lower levels of vWF affect the formation of a hemostatic plug and typically prolong PFA-100 CT.
CONCLUSION
We measured and determined the reference intervals of CT for the PFA-100 in a group of healthy blood donors using CEPI and CADP cartridges. In our study there was confirmed the significant prolongation of CT in blood donors with blood group O, compared to the group of blood donors with blood group non O (CEPI : p < 0.05). The influence of gender, as another variable analyzed with CT, was not significant. Nevertheless, definitive conclusion, can't be ruled yet, due to the disproportionate representation of the gender (male group > female group) in the investigated blood donors population. In spite of this fact we conclude that the determination of reference intervals for CT PFA-100 in local laboratory has an irreplaceable role for further use of PFA-100 in everyday clinical practice. However, it should be interpreted with consideration of both the patient clinical presentation and laboratory variables such as blood groups.
